The dodecon and hexon components of adenovirus types 8 and 9 have been extensively purified for use in establishing the basis of the cross-reaction between these types. Dodecons, the complete hemagglutinins, were purified 304-to 362-fold by fluorocarbon extraction, calcium phosphate batch chromatography, and ion-exchange column chromatography. Hexons, the group complement-fixation (CF) antigens, were purified 230-to 240-fold by erythrocyte adsorption, ion-exchange chromatography, and exclusion chromatography. Component antisera prepared in rabbits were tested in reciprocal fashion with crude virus and dodecon and hexon components. By hemagglutination-inhibition (HI), the dodecons of types 8 and 9 demonstrated the same predominantly one-sided relationship characteristic of the crude antigens. Some neutralizing activity was associated with both dodecons and hexons of each type. However, combining anti-dodecon and anti-hexon sera or producing antisera against the combined dodecon-hexon components resulted in neutralizing titers which were identical to titers obtained with antisera against the crude virus harvests. Dodecons of each type appear to share at least one antigenic determinant with hexons of the same type, and this determinant may reside on the vertex capsomere. Hexons possess group-and type-specific determinants, as shown by CF, neutralization, and immunodiffusion tests, and may exhibit some minor relationship between types 8 and 9. The results with the purified components are consistent with the predominantly one-sided antigenic relationship between types 8 and 9 in the conventional HI tests and the largely type-specific relationship by neutralization tests.
Recent improvements in techniques have made possible the separation and high degree of purification of the major adenovirus components, and have provided the opportunity for investigation of some of the serological quandaries encountered in adenovirus identification. The nature of the reciprocal cross-reactions between types 8 and 9 has been particularly intriguing, since these two types, which are distinct by neutralization tests, cannot be differentiated by hemagglutination-inhibition (HI) tests in many laboratories (8, 18, 21, 22) .
The two major soluble components of types 8 and 9 have been shown in preliminary experiments to be the complete hemagglutinin (dodecon) and the group-specific complement-fixation (CF) antigen (hexon). In this paper, we present the results of reciprocal serological tests performed with purified dodecon and hexon components and component-specific antisera and discuss the basis of the cross-reactions between the two virus types.
MATERUILS AND METHODS
Virus production. Prototype strains of adenovirus 8 (Trim) and adenovirus 9 (Hicks), both obtained from the Research Reference Reagents Branch of the National Institute of Allergy and Infectious Diseases of the National Institutes of Health, were passaged several times in HEp-2 tissue culture. Virus and viral components were harvested 2 days after complete cytopathology and were clarified by centrifugation at 1,060 X g for 30 min at 4 C. The supematant fluid is referred to as the "crude" virus preparation.
Purification of dodecons. Portions of the crude virus preparations were first extracted with the fluorocarbon trifluorotrichloroethane to remove cellular protein material (4) . Dodecons were then partially purified by chromatography with brushite CaHPO4 gel (20) . The viral antigen suspension, dialyzed against 0.001 M phosphate buffer (pH 7.2), was then mixed with equal volumes of packed gel and 0.001 M phosphate buffer. The mixture was incubated at 24 C for 1 hr and at 0 C for an additional 1 hr and was stirred frequently. The gel was packed by centrifugation, washed three times in the 0.001 M buffer, and then successively extracted with single volumes of 782 ADENOVIRUS 8-9 CROSS-REACTION 0.005, 0.01, and 0.05 M phosphate buffers (pH 7.2) to remove extraneous proteins. The hemagglutinating (HA) activity was eluted from the gel with 0.10 M phosphate buffer (pH 7.2) at 35 C.
Final purification of the dodecons was achieved by ion-exchange chromatography performed in columns (5 by 70 cm) packed with diethylaminoethyl (DEAE)-Sephadex A-25 resin (Pharmacia, New York, N.Y.) with tris(hydroxymethyl)aminomethane (Ttis)-hydrochloride buffer (0.04 M, pH 8.4) as the equilibrating buffer (13) . The column was loaded with 15 to 20 ml of concentrated, dialyzed, CaHPO4 eluate. A convex sodium chloride gradient, from 0 to 0.3 M NaCl in the Tris buffer, was used for elution. The gradient curve (see Fig. 1 (14) . CF tests were performed by the standardized microtiter method (1) . Infectivity and toxicity titrations were performed in primary human embryonic kidney tissue culture (17 17 ma, for 4 hr at 4 C in a 0.1 M barbital buffer (pH 8.6), and then were reacted with antiserum for 1 to 2 days at 24 C.
Zonal centrifugation. Density gradient centrifugation in linear 10 to 30% sucrose gradients was performed at 60,000 X g for 6 hr by use of a Spinco SW 39L rotor. Fractions were collected dropwise through a hole punctured in the bottom of the tube. Ouchterlony tests. Radial double-diffusion tests for antigen purity and identification were carried out on slides containing 0.8% agarose in 0.01 M PBS (pH 7.2). Wells were 2 mm in diameter by 1 mm deep and 7 mm apart, center to center. Tests were held at room temperature for 1 to 3 days.
Antiserum production. Component-specific and crude virus antisera were prepared in New Zealand white rabbits by three biweekly subcutaneous injections of 1.5 ml of the component or crude virus preparation emulsified in Freund's incomplete adjuvant. Final bleedings were taken 7 days after the third inoculation.
RESULTS

Purification of dodecons and hexons. DEAE-
Sephadex ion-exchange chromatography of adenovirus 8 and 9 supernatant fluids effected the best separation of soluble antigens. An elution curve typical of both virus types is shown in Fig.  1 . The incomplete hemagglutinin (penton) was eluted first, the group CF component (hexon) next, and the complete hemagglutinin (dodecon) last. The overlap in elution peaks and the severe contamination with host protein prevented complete separation by this method alone.
A series of procedures was required to achieve the desired high degree of purity of the two major components. By fluorocarbon extraction, CaHPO4 batch chromatography, and ion-exchange column chromatography, the dodecons were purified 304-to 362-fold with a 20 to 21 % yield. The final product was serologically pure: no incomplete hemagglutinin (penton, fiber) was detected, either by adsorbing out the complete hemagglutinin and retesting with heterotypic sera, or by the HI antibody consumption test; no group CF activity was detected by testing with type 4 human or type 5 rabbit antisera; and no infective virus or toxic factors were detectable. In addition, electron microscopy of the highly concentrated product confirmed the complete hemagglutinin of adenovirus 8 to be a dodecon structure identical to that of adenovirus 9, which has been previously described (9, 13) .
By use of erythrocyte adsorption, ion-exchange chromatography, and exclusion chromatography, the hexons were purified 230-to 240-fold with a 50 to 60% yield. The e Values given as 0 were <5. with Pettersson's 228-fold and 196-fold purification for the type 2 hemagglutinin (penton) and hexon, respectively. Our purification factors were, therefore, somewhat higher for types 8 and 9 (dodecon, 61 and 76; hexon, 114 and 144) than reported (16, 17) Hexon component. The hexons of types 8 and 9 contain group-specific (CF) and type-specific (CF, neutralization, and immunodiffusion) determinants, and may exhibit some minor antigenic relationship (neutralization). The finding that hexons contain both group and type specificity confirms similar reports of other investigators (3, 6, 11, 15, 19, 24) .
The overall analysis of our data suggests that the predominant adenovirus 8 HA determinants are entirely incorporated within the capsid of adenovirus 9, whereas adenovirus 9 possesses distinctive determinants not found in adenovirus 8. Intermediate adenovirus strains, often referred to as hybrid virus types (e.g., types 3-16 and 9-15), also may reflect closely related determinants located on the hexon or fiber components (10, 12, 23) .
If (3, 6, 23, 24) . Our inability to demonstrate serological activity with hexon antisera and dodecon antigen by either HI or CF does not conflict with the concept of shared determinants and might be anticipated through steric hindrance of antibody by the structural configuration of the dodecons.
The second inconsistency in test results, the 8-to 16-fold increase in neutralization titers obtained by combining antihexon and antidodecon sera or by producing antisera against the combined dodecon-hexon components, suggests that the mechanism of neutralization is more complex than it might appear. Our data indicate that maximal neutralization titers may involve antigen-antibody reactions at more than one site-the hexon and possibly some antigenic component of the dodecon (penton 
